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ANTENNA AND SIGNAL-RECEIVING APPARATUS USING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a national stage application under 35 U.S.C. § 371 of 

International Application No. PCT/JP2004/01 1925 filed on August 19, 2Q04. published in 
Japanese, which claims priority from Japanese Patent Application No. 2003-297623 filed on 
August 21 . 2003. 



BACKGROUND OF THE INVENTION 



Technical Field 

The present invention relates to an antenna that switches its directivity by using small 
antenna elements and to.a signal-receiving apparatus using the same. — Mor e specifical l y, it 
r ela t e s to a r e c e iv i ng a nt e nna and the l ik e , th e antenn a comprising a plura li ty of ant e nna 
ele m e nts position e d at sma l l e r distanc e apart than a ha l f wavel e ngth of a fi^ e qu e ncy of signa l 
to b e r e c e iv e d, a plur al ity of tr a nsm i ssion l in e s for transmitt i ng th e signa l receiv e d i n any of 
th e ant e nna e l e m e nt s , at le ast any on e of the transm i ss i on l i n e s hav i ng a de l ay circuit with a 
pr e d e t e rmin e d ele ctric l e ngth, synthesizing m e ans for synth e s i zing th e rec e iv e d signa l s that 
hav e b e en transmitt e d through th e p l ura l ity of tr a nsm i ss i on l i nes, a nd switching m e ans, 
wh i ch is position e d i n th e transm i ssion lin e , for switch i ng th e ant e nna e lem e nts or th e 
tr a nsm i ss i on lin e s, in which the switching m e ans switches th e a nt e nna el e m e nts or th e 
transmission l in e s to sot to two a number of ant e nna ele m e nts to be s i mu l tan e ously output 
among the plurality of ant e nna el ements and to chang e a d i r e ctiv i ty of the antenna to th e 
rev e rse d i rection thoroof, thoroby allowing diversity r e c e ption to bo offoctivoly don e in e v e n a 
smal l s i z e d wir ele ss s i gnal receiving appar a tus so that a s e nsitiv i ty of th e ant e nna can be 
i mproved and i t i s possibl e to impl e m e nt th e sma l l siz e , th e l ower pow e r consumption, and 
th e low price th e reof. 

Background Art 

A^Diversity reception has been conventionally known as a_means for reducing anthe 
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effect of phasing in a wireless communication. Generally, in a diversity receiving apparatus, 
a space diversity scheme for switching a plurality of antennas spatially positioned apart from 
one from another, a polarization diversity scheme for switching and using antennas having 
their different polarization surfaces. OLa directivity diversity scheme for switching and using 
antennas having theif-different directivities or the like is employed. Figs. 1 A to 1 C are 
diagrams each for illustrating reception situations by the conventional diversity schemes: Fig. 
1 A illustrates the reception situation by the space diversity scheme; Fig. 1 B illustrates the 
reception situation by the polarization diversity scheme; and Fig. 1C illustrates the reception 
situation by the directivity diversity scheme. 

As illustrated in Figs. 1 A to 1C, according to the diversity reception, a plurality of 
antennas i sare previously prepared, and when receiving a signal, a better or best antenna 
(for example, one having stronger or strongest electric field intensity) is selected between or 
among the antennas as a receiving antenna. 

Recent popularization of mobile communication temiinals has developed small sizes 
of wireless communication apparatus and antenna elements. As a result thereof, if athe 
size of the wireless communication apparatus is smaller than the w avelength of the electric 
waves, it is impossible to leave a sufficient space in the antennas mounted on the apparatus 
or built inside thereof, thereby failing to implement the space diversity reception effectively. 
Alternatively, because a small antenna generally has non-directivity and large interference 
between the polarized waves, it is difficult to employ any diversity scheme using differences 
in the directivity and the polarization. 

Further, it has been proposed hew-to improve wireless communication quality by 
controlling phases and amplitudes in the plurality of antennas to vary their directivities (for 
example, Japanese Patent Application Publication No. 2002-280942). 

In this case, such a variable directive antenna has a single main antenna for receiving 
power from a transmission/reception drcuit and radiating electric wave directly and a plurality 
of auxiliary antennas for reflecting electric wave radiated from the main antenna and radiating 
secondary electric wave with it being phase-shifted by a predetemriined amount of shift, so 
that directivity of the variable directive antenna can vary by controlling the amount of shift in 
the plurality of auxiliary antennas. In order to phase-shift the reflected wave from the 
plurality of auxiliary antennas, variabi^^ phase-shifting circuits that are respectively connected 
to the auxiliary antennas are provided therein. 
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Further, a_directivity switchable antenna for mobile communication that can get 
sufficient gain from electric waves received in a horizontal direction or a direction of 45 
degrees with respect thereto has also been proposed (for example. Japanese Utility Model 
Application Publication No, H06-41213). 

In this case, a pair of antenna elements that are positioned apart one from another by 
a predetemiined distance of wavelength of the central frequency to be used, and a 
phase-controlling circuit for allowing signals having a phase similar to each other or different 
phases from each other by a phase difference corresponding to a predetemiined distance to 
be supplied to electric conductors of the respective paired antenna elements are provided. 
AThe length of the electric conductor of any one of the antenna elements varies so that its 
directivity can be changed into a horizontal direction or a direction of 45 degrees with respect 
thereto. 

As described above, if athe size of the wireless communication apparatus is smaller 
than the wavelength of the electric waves, it is impossible to leave a sufficient space in the 
antennas mounted on the apparatus or built inside thereof, thereby failing to implement the 
space diversity reception effectively. 

Further, in a case of the invention disclosed in Japanese Patent Application 
Publication No. 2002-280942, the variabl>^ phase-shifting circuits and a control circuit are 
required, which is not suited to any small sized wireless communication apparatus. 

Additionally, in a the case of the invention disclosed in Japanese Utility Model 
Application Publication No. H0&41213, although it is possible to switch directivity to a 
horizontal direction or a direction of 45 degrees with respect thereto by using a changeover 
switch to supply signals having a phase similar to each other or different phases from each 
other by a phase difference corresponding to a predetemiined distance, it is impossible to 
change the directivity of an array antenna having two antenna elements into its reverse 
direction. 

Disclosure of tho Invont i on SUMMARY OF THE INVENTION 

An antenna relative to the invention is an antenna for receiving wireless 
communication signal, the antenna comprising a plurality of antenna elements positioned at 
smaller distance apart than a half wavelength of a frequency of signal to be received, a 
plurality of transmission lines for transmitting the signal received in any of the antenna 
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elements, at least any one of the transnnission lines having a delay circuit with a 
predetenmined electric length, synthesizing means for synthesizing the received signals that 
have been transmitted through the plurality of transmission lines, and switching means, 
which is positioned in the transmission line, for switching the antenna elements or the 
transmission lines, in which the switching means switches the antenna elements or the 
transmission lines to set to two a number of antenna elements to be simultaneously output 
among the plurality of antenna elements and to change a directivity of the antenna to the 
reverse direction thereof. 

For example, the delay circuit is set so that a sum of phase difference corresponding 
to a distance between the two antenna elements outputting simultaneously and phase 
difference of electric length of the transmission lines connected to the two antenna elements 
can become 180 degrees. 

Further, for example, a distance between the antenna elements and the delay circuit 
are adjusted, so that the antenna can have null point in the directivity thereof in at least one 
direction. 

A signal-receiving apparatus relative to the invention is a signal-receiving apparatus 
for receiving wireless communication signal, the apparatus comprising an antenna for 
receiving the wireless communication signal, a signal-receiving circuit for processing a signal 
received finom the antenna, and control means for controlling directivity of the antenna, the 
antenna including a plurality of antenna elements positioned at smaller distance apart than a 
half wavelength of a frequency of signal to be received, a plurality of transmission lines for 
transmitting the signal received in any of the antenna elements, at least any one of the 
transmission lines having a delay circuit with a predetermined electric length, synthesizing 
means for synthesizing the received signals that have been transmitted through the plurality 
of transmission lines, and switching means, which is positioned in the transmission line, for 
switching the antenna elements or the transmission lines, in which the switching means 
switches the antenna elements or the transmission lines to set to two a number of antenna 
elements to be simultaneously output among the plurality of antenna elements and to 
change a directivity of the antenna to the reverse direction thereof. 

According to the invention, the antenna having a plurality of antenna elements with 
non-directivity, which are positioned at smaller distance apart than a half wavelength of a 
frequency of signal to be received, is switched by connecting two antenna elements selected 
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among the plurality of antenna elements to two transmission lines, respectively, each having 
a predetermined electric length by s\Mtching means \Artien receiving the signal, and thus, 
thereby changing directivity of the antenna to the reverse direction thereof. 

This allows diversity reception to be effectively done in even a small sized wireless 
signal-receiving apparatus. It is also possible to get a high antenna gain and to choose a 
desired signal finom noise based on a difference in their receiving direction to receive the 
desired signal selectively. 

Brief Doscript i on of th e Draw i nqs BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a diagram for illustrating reception situations of the conventional diversity 
scheme; 

Fig. 1 B is a diagram for illustrating reception situations of the conventional diversity 
scheme; 

Fig. 1C is a diagram for illustrating reception situations of the conventional diversity 
scheme; 

Fig. 2 is a diagram for illustrating a configuration of a first embodiment of an antenna; 
Fig. 3A is a diagram for illustrating operation situations of tiie antenna; 
Fig. 3B is a diagram for illustrating operation situations of tiie antenna; 
Fig. 30 is a diagram for illustirating operation sitijations of the antenna; 
Fig. 3D is a diagram for illustirating operation situations of the antenna; 
Fig. 4 is a diagram for illustirating a configuration of a second embodiment of an 
antenna; 

Fig. 5 is a diagram for illusti-ating a configuration of a tiiird embodiment of an antenna; 

and 

Fig. 6 is a diagram for illustirating a configuration of an embodiment of signal-receiving 
apparatus. 

Best Mod e for Carrying out th e Inv e nt i on DETAILED DESCRIPTION 

The following will describe embodiments of an antenna and signal-receiving 
apparatus using the same relative to the present invention with reference to the d rawings. 

Rg. 2 is a diagram for illustrating a configuration of a first embodiment of an antenna 
1 00 relative to tills invention. As shown in Fig. 2, tiie antenna 1 00 is composed of antenna 
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elements 1 0 and 1 1 , a changeover switch 1 3 as switching nneans, a delay circuit 14, a 
synthesizer 15 as synthesizing means, and transmission lines LI and L2. 

The antenna elements 10 and 1 1 are both non-directivity antenna elements. These 
antenna elements 10 and 1 1 are arranged so that they are positioned at a_smaller distance, 
for example, 1 2.5 mm (one tenth wavelength) apart than a half wavelength of a frequency. 
2.4 GHz, of a signal to be received. 

The changeover switch 1 3 is a switch of dual pole double throw (DPDT) type, which 
has two input terminals and two output terminals, and wherein it is changed over by movable 
terminals with th e m b e ing moved simultaneously. Such the-change-over operations of 
changeover switch 1 3 i sare controlled based on the received control signal. The 
Ppropertvies of the changeover switch 1 3 is are as follows: for example, an operating 
frequency regioni; DC to 6 GHz or less^^ control voltages^; 0/+3 Vy; and insertion loss^i 1 .2 dB 
typical (at frequencies of 2.40 to 2.50 GHz). 

The delay circuit 14 is used for the transmission lines LI and L2 to generate a 
predetemiined phase difference therebetween. For example, it is made of a.conductor 
having a predetemiined electric length. For e xampl e , i t is compos e d of a conductor hav i ng 
a pred e term i n e d ele ctric le ngth. This delay circuit 14 is provided in the transmission line L2. 
It is estimated herein that a the distance between the antenna elements 10 and 1 1 is a and 
a the difference between the electric lengths of the transmission lines LI and L2, which are 
respectively connected to the antenna elements 10 and 1 1 , is^ff. The delay circuit 14 is set 
so that a+yff can become a half wavelength {A/2] 1 80 degrees in phase) of a the frequency of a 
signal to be received. Namely, a the difference of anthe electric length of a path that passes 
from the antenna element 10 through the transmission line LI or L2 toward the synthesizer 
1 5 from afithe electric length of a path that passes from the antenna element 1 1 through the 
transmission line L2 or LI toward the synthesizer 1 5 is set so as to become {A/2-a) or 
(->l/2+a). 

In this case, waves existing along an extension of a.line connecting the antenna 
elements 10 and 1 1 are cancelled out for each other at a side of antenna element 10 to 
generate a null point (i.e., a sinknn point in a directivity pattem), and thus, at an opposite 
direction (i.e., at a side of antenna element 11) maximum gain is obtained (see Figs. 3A 
through 3D, which will be described later). It is to be noted that another delay method can 
be-also be used in the delay circuit 14. 
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The synthesizer 15 is a circuit for synthesizing signals received by the antenna 
elements 10 and 11. 

Figs. 3A through 3D are diagrams for illustrating operation situations of the antenna 
100. Fig. 3A illustrates a situation where the antenna element 1 0 is connected to the 
transmission line L1 as well as the antenna element 1 1 is connected to the transmission line 
L2. Fig. 3B illustrates a situation where the antenna element 1 0 is connected to the 
transmission line L2 as well as the antenna element 1 1 is connected to the transmission line 
LI. 

Fig. 3C is a diagram for illustrating the directivity of the antenna 100 in the situation 
where the antenna element 10 is connected to the transmission line L1 as well as the 
antenna element 1 1 is connected to the transmission line 12. Fig. 3D is a diagram for 
illustrating the directivity of the antenna 100 in the situation where the antenna element 10 is 
connected to the transmission line L2 as well as the antenna element 1 1 is connected to the 
transmission line LI . 

As illustrated in Fig. 3A, according to the switching operation of the changeover switch 
1 3, a temninaly "a" of the changeover switch 1 3 is connected to a temninalr "c" thereof and a 
temninalr "b" thereof is connected to a temiinal^ "d" thereof, so that the antenna element 10 is 
connected to the transmission line LI as well as the antenna element 1 1 is connected to the 
transmission line L2. In this case, waves existing along an extension of a_line connecting 
the antenna elements 1 0 and 1 1 are cancelled out for each other at a side of antenna 
element 10 to generate a null point shown in Fig. 3C, and thus, at an opposite direction (i.e., 
at a side of antenna element 1 1 ) maximum gain is obtained. It is to be herein noted that a 
relative gain is shown with maximum gain being 0 dB. 

As illustrated in Fig. 38, according to the switching operation of the changeover switch 
1 3, a temninalr "a" of the changeover switch 1 3 is connected to a terminal "d" thereof and a 
terminalr "b" thereof is connected to a temninalr "c" thereof, so that the antenna element 1 0 is 
connected to the transmission line L2 as well as the antenna element 1 1 is connected to the 
transmission line LI . In this case, waves existing along an extension of a.line connecting 
the antenna elements 10 and 1 1 are cancelled out for each other at a side of antenna 
element 1 1 to generate a null point shown in Fig. 3D, and thus, at an opposite direction (i.e., 
at a side of antenna element 1 0) maximum gain is obtained. It is to be herein noted that a 
relative gain is shown with maximum gain t)eing 0 dB. 
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As described above, it is possible to switch the directivity of the antenna 1 00 
composed of two non-directivity antenna elements 10 and 1 1 that are positioned at a^smaller 
distance apart than a half wavelength and the like by means of a.change in the above two 
situations by the changeover switch 1 3. It is thus possible to perform a control such that the 
maximum radiation pattem faces a desired wave and the null point faces a non-desired wave 
by controlling received outputs in the antenna elements 10 and 1 1 . 

Thus, according to this embodiment, the antenna 100 has the antenna elements 10 
and 1 1 that are positioned at a^smaller distance (a=1 2.5 mm) apart than a half wavelength of 
athe frequency of a signal to be received, the transmission line LI and the transmission line 
L2 including the delay circuit 14 having a predetemiined electric length, and the changeover 
switch 13 in which when receiving the signal, the changeover switch 13 switches the antenna 
elements 1 0 and 1 1 so that the best reception situation can be realized based on the control 
signal, to fRak echange the directivity of the antenna 1 0 0 changed . 

This allows such t he antenna to be easily mounted on or built in any small sized 
wireless communication signal-receiving apparatus and the diversity reception to be 
effectively done, thereby improving athe sensitivity of the antenna and implementing -thea 
small size, thea low power consumption, and #^a low price thereof. 

Two antenna elements 10, 1 1 and the transmission lines LI , L2 can be switched 
simultaneously using one DPDT type changeover switch 13, and this allows the antenna 
circuit to be easily realized. 

The following will describe a second embodiment of this invention. 

FIG. 4 illustrates a configuration of a second embodiment of an antenna 200 relative 
to this invention. This antenna 200 switches the transmission lines for transmitting signals 
received at the antenna elements using two changeover switches. In this Fig. 4, like 
reference numbers are like members corresponding to those shown in Fig. 2, a detailed 
description of which will be omitted. 

As shown in Fig. 4, the antenna 200 is composed of antenna elements 10 and 1 1 , 
changeover switches 13Aand 13B as switching means, delay circuits 14a and 14b, a 
synthesizer 15 as synthesizing means, and transmission lines LI , L2, and L3. In this case, 
the antenna elements 1 0 and 1 1 are arranged so that they are positioned at a_smaller 
distance? apart, for example? 12.5 mm (one tenth wavelength >^jpart^ than a half wavelength 
of a frequency, 2.4 GHz, of a signal to t>e received. 
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The changeover switches 1 3A and 1 3B are switches of SLsingle pole double throw 
(SPDT) type, each of which has one input terminal and two output terminals. Such t The 
changeover operations of changeover switches 13A and 13B are controlled based on the 
received control signals. The P propertvies of each of the changeover switches 1 3A and 
1 3B is-are as follows: for example, control voltages^: 0/+3 Vt; and insertion loss^: 0.5 dB 
typical (at frequencies of 2.0 to 3.0 GHz). 

For example, the delay circuits 14a and 14b are each made of a.conductor having a 
predetemiined electric length. The delay circuit 14a is provided in the transmission line LI . 
The delay circuit 14b is ateo-provided in the transmission line L3. It is estimated that athe 
distance between the antenna elements 10 and 1 1 is a and a the difference t>etween electric 
lengths of the transmission lines LI and L2 (or the transmission lines LI and L3), which are 
respectively connected to the antenna elements 1 0 and 1 1 , is yff. The delay circuits 14a and 
1 4b are set so that a+/? can become a half wavelength of athe frequency of a signal to be 
received. Namely, a the difference of anthe electric length of a path that passes from the 
antenna element 10 through the transmission line L3 toward the synthesizer 15 firom anthe 
electric length of a path that passes from the antenna element 1 1 through the transmission 
line LI toward the synthesizer 1 5 is set so as to become (y4/2-a) and further, athe difference 
of anthe electric length of a path that passes from the antenna element 1 0 through the 
transmission line L2 toward the synthesizer 1 5 from anthe electric length of a path that 
passes from the antenna element 1 1 through the transmission line LI toward the synthesizer 
15 is set so as to become (->V2+a). 

When receiving a signal^ according to the switching operations of the changeover 
switch 1 3A, a terminalr "e" of the changeover switch 1 3A is connected to a terminah T 
thereof and simultaneously, according to the switching operations of the changeover switch 
1 3B, a terminalr "e" of the changeover switch 1 3B is connected to a terminal T thereof, so 
that the antenna element 10 is connected to the transmission line L2. In this case, a null 
point occurs along an extension of a.line connecting the antenna elements 10 and 1 1 at a 
side of antenna element 1 0, and thus, at an opposite direction (i.e., at a side of antenna 
element 1 1 ) maximum gain is obtained (see Fig. 3C). 

Further, according t o the switching operations of the changeover switch 1 3A, the 
terminalr "e" of the changeover switch 1 3A is connected to a terminal "g" thereof and 
simultaneously, according to the switching operations of the changeover switch 1 3B, a 
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terminalr "e" of the changeover switch 13B is connected to a terminalr "g" thereof, so that the 
antenna element 1 0 is connected to the transmission line L3. In this case, a null point 
occurs along an extension of a_line connecting the antenna elements 10 and 1 1 at a side of 
antenna element 1 1 , and thus, at an opposite direction (I.e., at a side of antenna element 1 0) 
maximum gain Is obtained (see Fig. 3D). 

As described above, It Is possible to change the directivity of the antenna 1 00 
composed of two non-dlrectivlty antenna elements 1 0 and 1 1 that are positioned at a.smaller 
distance apart than a half wavelength and the like by means of a.change in the above two 
situations by the changeover switches 1 3A and 13B. 

Thus, according to this embodiment, the antenna 200 has the antenna elements 10 
and 1 1 that are positioned at a_smaller distance (a=1 2.5 mm) apart than a half wavelength of 
a the frequency of a signal to be received, the transmission line L2 and the transmission lines 
L1 and L3 respectively including the delay circuits 14a and 14b each having a predetermined 
electric length, and the changeover switches 13A and 13b in which when receiving a signal, 
the changeover switches 1 3A and 1 3B switch the transmission lines L2 and L3 so that the 
best reception situation can be realized based on the control signals, to mak echanqe -the 
directivity of the antenna 200 chang e d . 

This allows sueh-the antenna to be easily mounted on or built in any small sized 
wireless communication signal-receiving apparatus and the diversity reception to be 
effectively done, thereby improving athe sensitivity of the antenna and implementing -thea 
small size, thea low power consumption, and thea low price thereof. 

The transmission lines L2, L3 are switched using the general-purpose changeover 
switches.1 3A and 1 38 of SPDT type, which allows the versatility of parts to be increased. 

The following will describe a third embodiment of this invention. 

FIG. 5 illustrates a configuration of the third embodiment of an antenna 300 relative to 
this invention. This antenna 300 uses tiiree antenna elements. In this Fig. 5, like reference 
numbers are like members corresponding to those shown In Fig. 2, a detailed description of 
which will be omitted. 

As shown In Rg. 5, the antenna 300 Is composed of antenna elements 10, 1 1 , and 
12, a changeover switch 13C as switching means, a delay circuit 14, a synthesizer 15 as 
synthesizing means, and transmission lines LI and 12. In this case, the antenna elements 
10, 1 1 and 12 are arranged so that they are respectively positioned at SLsmailer distance? 
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apart, for example? 1 2.5 mm (one tenth wavelength>^ipart^ than a half wavelength of a 
frequency. 2.4 GHz, of a signal to be received. 

The changeover switch 1 3C is a switch of a.single pole double throw (SPDT) type, 
which has two input terminals and one output temiinal. Such t ihe changeover operations 
of changeover switch 1 3C are controlled based on the received control signal. The 
Pproperb/ies of the changeover switch 1 3C i sare as follows: for example, control voltagesi: 
0/+3 VtI and insertion loss^: 0.5 dB typical (at frequencies of 2.0 to 3.0 GHz). A tenninak "e" 
of this changeover switch 1 3A is connected to the transmission line L2, a terminalj T thereof 
is connected to the antenna element 10, and a terminalT "g" thereof is connected to the 
antenna element 12. 

The delay circuit 14 is provided in the transmission line LI . It is estimated that the 
respective distances between the antenna elements 10, 1 1 and 12 are a and athe difference 
between the electric lengths of the transmission lines L2 and L1 , which are respectively 
connected to the antenna elements 1 0 (or 1 2) and ^^, is fi. The delay circuit 1 4 is set so 
that a+y? can become a half wavelength of athe frequency of a signal to be received. 
Namely, a the difference of an electric length of a path that passes from the antenna element 
1 0 or 1 2 through the transmission line L2 toward the synthesizer 1 5 from anthe electric length 
of a path that passes from the antenna element 1 1 through the transmission line L1 toward 
the synthesizer 1 5 is set so as to become {A/2-a) or (-yt/2+a). In this case, a the difference of 
an electric length of a path that passes from the antenna element 1 0 through the 
transmission line L2 toward the synthesizer 1 5 from aRthe electric length of a path that 
passes from the antenna element 12 through the transmission line L2 toward the synthesizer 
1 5 is set so as to become zero. 

When receiving a signal, according to the switching operations of the changeover 
switch 1 3C, a terminalr "e" of the changeover switch 1 3C is connected to a temriinair "f ' 
thereof, so that the antenna element 1 0 is connected to the transmission line L2. In this 
case, a null point occurs along an extension of d_line connecting the antenna elements 10 
and 1 1 at a side of antenna element 10, and thus, at an opposite direction (i.e., at a side of 
antenna element 1 1 ) maximum gain is obtained (see also Fig. 3C). 

Further, according to the switching operations of the changeover switch 13C, the 
terminalr "e" of the changeover switch 1 3C is connected to a terminaJr "g" thereof, so that the 
antenna element 12 is connected to the transmission line L2. In this case, a null point 



11 



occurs along an extension of a.line connecting the antenna elements 1 1 and 12 at a side of 
antenna element 12, and thus, at an opposite direction (i.e., at a side of antenna element 1 1 ) 
maximum gain is obtained (see Fig. 3D). 

As described above, it is possible to change the directivity of the antenna 300 
composed of three non-directivity antenna elements 10, 1 1 , and 1 2 in which each of them is 
positioned at aLsmaller distance apart than a half wavelength and the like by means of a. 
change in the above two situations by the changeover switch 1 3C. 

Thus, according to this embodiment, the antenna 300 has the antenna elements 1 0, 
1 1 and 1 2 in which they are respectively positioned at a.smaller distance (c7=1 2.5 mm) apart 
than a half wavelength of athe frequency of a signal to be received, the transmission line LI 
including the delay circuit 14 having a predetermined electric length and the transmission line 
L2, and the changeover switch 13C in which when receiving the signal, the changeover 
switch 13C switches the antenna elements 10 and 12 so that the best reception situation can 
be realized based on the control signal, to mak echanqe the directivity of the antenna 300- 
chang e d . 

This allows su6h-the antenna to be easily mounted on or built in any small sized 
wireless communication signal-receiving apparatus and the diversity reception to be 
effectively done, thereby improving a sensitivity of the antenna and implementing -4hea 
small size, thea low power consumption, and thea low price thereof. 

The three antenna elements 10, 1 1 , and 12 are switched using one changeover 
switch 1 3C of SPDT type, which allows versatility of parts to be increased and low loss to be 
realized. This also allows a_small size of the antenna circuit to t^e realized. 

The following will describe an emtxxJiment of signal-receiving apparatus according to 
the invention. Fig. 6 is a diagram for illustrating a configuration of the emlxxliment of 
signal-receiving apparatus 101 . This signal-receiving apparatus 101 uses the above 
antenna 1 00 as a receiving antenna. 

As shown in Fig. 6, the signal-receiving apparatus 101 is composed of the antenna 
100, a signal-receiving circuit 16, and a control unit 17 as controlling means. 

The antenna 1 00 is composed of the antenna elements 10 and 1 1 , the changeover 
switch 13 as switching means, the delay circuit 14, the synthesizer 15 as synthesizing means, 
and the transmission lines LI and L2, as described above. 

In this antenna 100, the changeover switch 13 switches the connection between the 
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antenna elements 10, 1 1 and the transmission lines L1 , L2 based on a control signal 
received from the control unit 1 7. This allONA^ to be chanq e d a change in the directivity of the 
antenna 100 which is comprised of two norvdirecBve antenna elements 10, 1 1 that are 
positioned at a distance smaller than a half wavelength and the like. 

The signal-receiving circuit 16 is a circuit for processing a signal that is received from 
the antenna 100. 

The control unit 17 has, for example, a CPU, an ROM, and af» RAM (which are not 
shown) asjs well known. The CPU controls the entire operation of the signal-receiving 
apparatus 101 with the RAM being used as a_working area according to infomiation on a 
control program, which is stored in the ROM. The control unit 17 also controls switching 
operations of the changeover switch 1 3 as control means for controlling the directivitv of the 
antenna 100. 

The signal-receiving apparatus 101 thus composed can perform an effective diversity 
reception because by the changeover switch 1 3, the directivity of the antenna 1 00 can be 
changed. 

For example, when receiving a signal, the control unit 17 outputs a control signal. 
According to this control signal, ft4s-controHe d is implemented so that the changeover switch 
1 3 switches the antenna elements 1 0 and 1 1 at a predetermined frequency. This allows the 
directivity of the antenna 1 00 to be changed to a right or left direction, for example. The 
received signal that the antenna 1 00 receives is supplied to the signal-receiving circuit 1 6. 
The signal-receiving circuit 16 detects the received signal and selects a connection terminal 
of the changeover switch 13 so that the best receiving situation can be given, thereby 
allowing the directivity of the antenna 1 00 to be automatically changed. 

Thus, in this embodiment, the antenna 100, the signal-receiving circuit 16, and the 
control unit 17 are provided therein in which when receiving a signal, the control unit 17 
controls the changeover switch 1 3 so that the best receiving situation can be given. This 
fRake schanqes the directivity of tiie antenna 100 chang e d so that, because it is possible to 
effectively perform any diversity reception in even a small sized wireless signal-receiving 
apparatus, athe sensitivity of the antenna can be improved to implement thea small size, 
ti=)ea low power consumption, and thea low price thereof. 

Also, since the diversity reception can be realized in a small sized wireless 
signal-receiving apparatus, a large gain of antenna can be obtained and thus, it is possible to 
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choose a desired signal from a noise based on a difference in receiving directions thereof 
and to receive the desired signal selectively. 

It is to be noted that although a case where two or three antenna elements are used 
in the antenna has been described in the above embodiments, this invention is not limited 
thereto. This invention can be also applied to a case where more than three antenna 
elements are used. 

It is also to be noted that although the antennas 100, 200, and 300 have been 
described as antennas each used for wireless signal-receiving apparatus in the above 
embodiments, this invention is not limited thereto. These antennas 100, 200, and 300 may 
be-also be_used as antennas each us e d for wireless signal-transmitting apparatus. 

According to this invention, a receiving antenna has a plurality of antenna elements 
positioned at a,smaller distance apart than a half wavelength of athe frequency of a signal to 
be received, a plurality of transmission lines for transmitting the signal received in any of the 
antenna elements, at least any-one of the transmission lines having a delay circuit with a 
predetemiined electric length, synthesizing means for synthesizing the received signals that 
have been transmitted through the plurality of fransmission lines, and switching means, 
which is positioned in the fransmission line, for switching the antenna elements or the 
fransmission lines, in which the switching means switches the antenna elements or the 
fransmission lines to set to two a the number of antenna elements to t^e simultaneously 
output among the plurality of antenna elements and to switch athe directivity of the antenna 
to the reverse direction thereof, thereby allowing a the sensitivity of the antenna to be 
improved and the-a_small size, thea low power consumption, and thea low price thereof to be 
implemented because it is possible to effectively perform any diversity reception in even a 
small sized wireless signal-receiving apparatus. 

Also, since the diversity reception can be realized in a small sized wireless 
signal-receiving apparatus, a large gain of antenna can be obtained and thus, it is possible to 
choose a desired signal from a noise based on a difference in receiving directions thereof 
and to receive the desired signal selectively. 

I ndustrial App li cab ili ty 

Thus, an antenna and a signal-receiving apparatus using the same relative to the 
invention can be applied to a small sized wireless communication signal-receiving apparatus 
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such as a handheld terminal and also applied to a PC card and/or a memory card, which 
have a signal-receiving function. 
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